This study was conducted in order to determine the application of ohmic heating system in meat thawing and its effects on quality. The fastest thawing and the least weight loss were observed in the samples in which the ohmic method was employed (p<0.05). Considering the frozen storage period, an increase was determined in pH value and decrease was determined in a w and moisture values in consequence of all thawing methods applied on samples. Consequently, it has been concluded that use of ohmic heating system to thaw frozen meat provides less weight loss and shorter thawing time.
Introduction
Meat and meat products have an exceptional place in human nutrition. Because of their natural structure, meat and meat products compose an appropriate environment for the reproduction.
Meat taken to frozen storage needs to be thawed appropriately before consumption. There are many techniques used while thawing frozen meat and meat products. It is reported that thawing frozen meat and meat products is more important than freezing and frozen storage in terms of the quality of the product. In consequence of inappropriate thawing methods, excessive weight loss, decrease in the nutritional value of meat depending on the increase in the ratio of infiltration water is considered to be the most important problems (Farouk & Swan, 1998; Leygonie, Britz, &Hoffman 2012; Öztan 2008) .
It is stated that if freezing and thawing processes are carried out correctly, the quality of frozen meat is close to fresh meat quality after thawing. Storage by freezing is the least harmless method known. It is reported that as a result of freezing, the formation of ice crystals occurs, water activity of the nutrient decreases considerably (Do ruer 2009; Farouk & Swan 1998; Öztan 2008) .
There are many methods used in frozen meat thawing. It is reported that thawing frozen meat and meat products is more significant than freezing and frozen storage in the context of product quality. As a result of inappropriate thawing methods, excessive weight loss, decrease in the nutritional value of meat depending on the increase in the ratio of leak water is considered to be the most important problems (Do ruer 2009). Li and Sun (2002) express that the ohmic heating system is an innovative method used in thawing frozen food. They also suggest that the system is effective on passing critical temperature which is -30 0 C during thawing and this passing process shortens the thawing of tuna fish and beef at the rate of 1/4-1/3 at the same temperatures. The researchers also state that the use of this method in thawing frozen food has patent, however, they emphasize that the researches on using the ohmic heating system in thawing high quality products are not enough.
By integrating ohmic heating system with most of the current and future applications, Knirsch et al. (2010) described ohmic heating as the emerging technology. Parrott (1992) states that the usability of ohmic heating system depends on the electrical conductivity of the product and it is possible to employ ohmic heating system successfully in food including ionic salt which dissolves in unbound water.
Besides, the loss which might emerge in soluble proteins and other nutritional elements leaking from solid phase, the consumed high energy and plenty of infiltration water are accepted to be disadvantages in traditional thawing. Working principle of ohmic heating system is based on passing electric potential through the food which has resistance at a certain level. In this process, the potential passes through the food material rapidly because the potential is dissipated into the food equally and the heat emerges as a result of resistance to the potential. As the potential is dissipated into the food equally, less repetition of operation is needed to obtain the same temperature in comparison to traditional methods and thawed food has higher quality. It is thought that this method can be employed as an alternative method in meat thawing. As a matter of fact, Li and Sun (2002) state that ohmic heating system can be used in order to thaw frozen food, so it is possible to thaw frozen tuna fish from -3 0 C to 3 0 C in a very short time. In this study, the research was done on use of ohmic heating system thawing operations, along with traditional thawing methods, and its effects on quality.
Materials and methods
Beef loin samples (Longissimus lumborum, LL) were used purchased from a local meat processor (Konya, Turkey). First of all, the samples, weighing 200-250 g, were prepared in size of 5x10cm and frozen at -35 0 C for 24 h in UCF 20SF (Ugur Deep Freezer, Turkey) deep freezer by using fast-freezing method. After freezing operation, the experimental samples were stored at -18 0 C for 6 months in the same freezer. The experimental samples were analyzed in terms of pH, water activity (a w ) and humidity quality.
The meat samples taken to frozen storage were thawed every month with different methods from the 1 st month until the 6 th month of the storage. Thawing environment temperatures of the samples were as follows: the samples in the 1 st group were thawed at room temperature (20±2 0 C), the samples in the 2 nd group were thawed in the same environment by using ohmic heating system in which an electric potentials of 50 volts was employed, the samples in the 3 rd group were thawed in the refrigerator environment which was adjusted to +3 0 C. Thawing operation of the meat samples continued until the internal temperature of samples reached at 0±1 0 C and thawing operation was ended when this value obtained. Internal temperature (TESTO 175 Data Logger, TESTO AG, Germany) was measured in frozen meat thawing. The analyses were conducted in the 1 st , 2 nd , 3 rd , 4 th , 5 th and 6 th months of the storage in terms of pH, water activity (a w ), and humidity quality. Besides, weight loss was examined. The study was conducted with in triplicate and as two parallel runs.
Physicochemical Analyses
The values of pH, water activity and humidity of the experimental samples were determined by means of Inolab, WTW 720 (Germany), Novasina, Labswift-a w , (Switzerland) and AND Mx-50 Moisture Analyzer, AD Company Ltd. (Japan) devices respectively.
Determining Weight Loss
The weight loss emerging after thawing process of meat samples taken to frozen storage was calculated using the following formula (Jeong et al. 2011 ). x100 2.3. Statistical Analyses SPSS 16.0 package program was used for statistical evaluations. The variance analysis was used for the values of pH, humidity, water activity (a w ) and weight loss having repetitive measurements.
Results and discussion
The thawing time and the internal temperatures obtained from the samples by thawing methods are given in Table 1 . The thawing times of the experimental samples which were stored in frozen storage and thawed in different environments every month, were determined. In general, the shortest thawing was determined in the samples which were thawed through ohmic heating system. The shortest thawing time was 83.5 min and the longest thawing time was 86.7 min among the samples thawed by using this method. At room temperature, an increase or decrease of temperature by 1 0 C, which is presented as the thawing criterion in the samples, was achieved in 98-106.7 min. The shortest thawing time was achieved in 500 min and the longest thawing time was 606.7 min in the samples which were thawed in the refrigerator. It was reported that during the thawing period, the samples on which ohmic heating system was applied had the shortest thawing time and those samples thawed at room temperature came after the former. It was stated that the longest thawing time occurred in the samples which were thawed in the refrigerator. As regards the thawing method employed, it was determined that the difference observed in thawing time of the experimental samples was statistically significant (Table 1 ; p<0.05). Similar results were also observed by many researches (Bozkurt and Icier 2012; Icier at al. 2010 ). In the study conducted by the researchers in order to thaw beef samples and to compare ohmic heating system and traditional systems, it was determined that there were differences in terms of thawing time, rate and energy consumption, and the size of meat was also an important factor in thawing.
The values of pH, a w, and humidity in periodically thawed samples were determined using three separate methods as the experimental modeling. The values of pH, a w, and humidity of the experimental samples thawed by using different methods are given in Table 2 . In the process of thawing the samples taken to frozen storage for 6 months periodically every month by using three different methods, the values of pH, a w and humidity were determined. When the applied thawing system is taken into consideration, it was found out that there were differences among groups only after thawing in the 2 nd month (p<0.005), there were no differences among groups in other months (Table 2; p>0.05).
In general, as a result of the evaluation of frozen and thawed meat in terms pH value, it was observed that the values changed between 5.47-5.80 from the beginning and during the entire storage period (Table 2) . Many researchers investigated the changes in pH values of meat during cold and frozen storage. Ziauddin et al. (1993) determined that the pH values of meat subjected to plate type freezing and flash freezing for 3 months were between 5.91-6.06. Farouk and Swan (1998) reported that pH values in beef changed between 5.48-5.61 during frozen storage. Boles and Swanb (2002) determined that pH value of raw meat was 5.55 at the beginning and it was 5.74 after 8 week storage at -1.5 0 C. Hernández et al. (2006) determined the changes in color of M. longissimus dorsi muscle and pH values. The researchers detected that the animals slaughtered under stress had pretty (6.37) high pH value 24 hours later, on the other hand, pH value of animals slaughtered under normal conditions was 5.47. Farouk et al. (2013) expressed that there was a positive correlation in frozen meat between the freezing point and pH value, and pH value increased as the temperature rose. Apple et al. (2014) reported that the pH value belonging to M. gluteus medius muscle changed between 5.40-5.43.
These findings obtained in this study are similar to those reported by many researchers (Farouk and Swan 1998; Boles and Swanb 2002; Hernández et al. 2006; Apple et al. 2014 ), whereas they are lower than the values reported by some researchers (Ziauddin et al. 1993; Hernández et al. 2006) . As stated by Hernández et al. (2006) , this dissimilarity may result from slaughtering animals under stress, freezing conditions of meat at the beginning and during thawing.
When the applied thawing systems are evaluated by taking water activities into consideration, there are statistical differences among groups after thawing in the 2 nd , 4 th and 6 th months (Table 2; p<0.05).
When the humidity rates that the samples included are considered, it is seen that there were differences among groups after thawing in the 2 nd and 4 th months (Table 2; p<0.05). Although there were differences after thawing in other months, these differences were not statistically significant (Table 2; p>0.05).
In general, it is possible to attribute the decreases observed in the values of humidity and a w to water loss emerging during thawing. Besides, it is possible to say that the ice crystals which occur inner side of the samples during thawing are effective on the decrease in the value of a w. In fact, some researchers (Öztan 2008; Do ruer 2009 ) stated that a w value of meat was affected by technological operations such as drying, heating, chilling, freezing, salting and smoking. The collected data seem to support the ideas of the researchers.
It is known that weight loss is quite important in meat thawing. Periodically, the samples which were weighed and coded at the beginning of each month of the 6 month storage duration were scaled again after thawing. The % weight loss observed in the experimental samples which were thawed after storage by using different methods is displayed in Table 3 . When Table 3 is examined, it is seen that the least weight loss was observed in samples thawed through ohmic heating system, and the experimental samples thawed at room temperature come after. It was determined that the most weight loss was observed in the experimental samples thawed in the refrigerator. It has been established that the weight loss which was determined by the applied thawing method were statistically significant (Table 3; p<0.05). The weight loss in the experimental samples thawed at room temperature, in the refrigerator and by using ohmic heating system was determined as 2.27-5.50%, 4.30-6.56% and 1.57-3.70%, respectively. Bustabad (1999) determined 3.74% weight loss in 1/4 front quarter; 4.60% weight loss in hind quarter of carcasses kept in frozen storage at -18 0 C; 9.12% weight loss in front quarters and 8.59% weight loss in hind quarters stored at -13 0 C. The researcher stated that the weight loss in hind quarters was 1.32% and in front quarters was 0.50% in the experimental samples having polyethylene package under the same conditions. The researcher suggests that effects of interaction on weight loses, the use of packing diminishes them in forward quarters and its use has a greater significance if temperature and storage time are higher, and is more important in storehouse with greater air speed.
Depending on long thawing time, the most weight loss was observed in the samples thawed in the refrigerator and the samples thawed at room temperature came after. The weight loss in the samples increased depending upon water loss, and the values of humidity and water activity decreased depending upon water loss. When Table 3 is examined, it is seen that the samples which were thawed using ohmic heating system possess the highest a w value after thawing during storage period. Besides, when the loss of vitamins and proteins dissolving in water are considered in conjunction with water loss, importance of the thawing method to carry out on frozen nutrients would further increase.
Conclusion
Consequently, frozen storage in the preservation of meat maintains its importance in terms of food safety. However, physical and chemical activities happening in meat thawing and thawing process may affect the qualifications of quality as much as preservation. There are some drawbacks in the conventional thawing methods such as longer thawing time, occurrence of weight loss due to high amount of leakage, nutritional loss with the leaked fluids and unwanted microbial activity during thawing. Therefore, it is necessary to develop new, effective, reliable and applicable methods. Considering the collected results, it is possible to suggest that ohmic heating system can be effective and useful in thawing to use.
